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SOME    OF    THE    WAYS    IN    WHICH  MILK 
BECOMES  PATHOGENIC* 

By  SHERIDAN  DELEPINE,  M.B.,  O.M.Edin., 
Professor  of  Pathology  in  Owens  College,  Victoria  University 

Manchester.  > 


This  communication  contains  the  results  of  an  examination 
of  over  iio  samples  of  milk  sent  to  me  by  Professor  Hope,  of 
Liverpool,  and  Dr.  Niven,  of  Manchester,  for  the  purpose  of 
determining  the  prevalence  of  tuberculous  infection.  While 
doing  this  work  I  was  able  to  find  evidence  of  the  existence 
of  contaminations  which  I  considered  went  far  towards  ex- 
plaining the  occurrence  of  summer  diarrhcea  in  artificially- 
fed  infants  and  to  a  lesser  extent  in  adults. 

That  diarrhcea  is  frequently  caused  by  the  consumption  of 
milk  is  a  view  accepted  by  many  authorities.  What  I  have 
found  is  that  milk  very  often  becomes  capable  of  producing  con- 
siderable irritation  through  changes  which  take  place  after  it 
has  left  the  udder  and  has  been  under  certain  conditions.  Part 
of  the  samples  examined  were  obtained  from  diseased  cows, 
the  milk  being  carefully  drawn  into  sterilised  vessels  and 
sent  immediately  to  the  laboratory.  These  I  will  call 
unmixed  milks.  The  other  samples  were  collected  at  rail- 
way stations  in  sterilised  bottles  from  milk  cans  just 
arriving  from  the  farm.  These  I  will  call  mixed  milks. 
These  specimens  were  collected  in  summer  and  in  winter. 
Some  were  necessarily  kept  longer  than  others. 


»  For  a  full  account  of  this  subject  see  Journal  of  Comparative  Pci 
M'Fadyean,  vol.  x  1897,  pp.  150  to  iiig. 


results  obtained  are  summarised  in  the  following 

Pathogenic  Properties  of  Milk  from  Diseased  and  Healthy 

Udders. 


Milk  from 
Udders. 


A.  Certainly 

diseased 

B.  Probably 
diseased 

C.  Healthy 

Total  ... 


Producing 
Tuberculosis. 


n  o 


Per- 
cent?ges. 


50.0 
II. I 

o 


3I-S 


Producing 
Marked 
Irritation. 


<3  . 

3  O 


Per- 
centages. 


I30.0 

22.2 
40.0 


25-30 


40.00 


Producing  no 
Marked  Irritation. 


-5 


Per- 
centages. 


66.6  J 
60.0 


42.08 


60.00 


Pathogenic  Properties  of  Non-tuberculous  Milk  from  Diseased  and 

Healthy  Udders. 


Milk  from 

Producing  Marked 
Irritation. 

Producing  no  Marked 
Irritation. 

Udders. 

Aclual 
No. 

Percentages. 

Actual 
No. 

Percentages. 

A.  Certainly  dis- 
eased 

60.0 

46.0 

B.  Probably  dis- 
eased 

:!" 

:!■ 

25.0 

:i- 

75-0 

|6i.6 

C.  Healthy 

5 

2 

40  0 

40.0 

3 

60.0 

60.0 

Total 

18 

7 

II 

Pathogenic  Properties  of  Milk,  Rich  and  Poor  in  Cells  from  the 

Udder. 


Producing 
Tuberculosis. 

Producing 
Marked  Irritation . 

Producing  no 
Marked  Irritation. 

Actual 
No. 

Per 
Cent. 

Actual 
No. 

Per 
Cent. 

Actual 
No. 

Per 
Cent. 

Cells  abundant  or 
very  abundant... 

6 

46.2 

3 

23.1 

4 

30.8 

Cells  scanty  or  in 
moderate  num- 
bers   

0 

0 

a 

23.0 

6 

75.0 

Pathogenic  Properties  of  Non- tuberculous  Milk. 


Producing  Marked 
Irritation. 

Producing  no  Marked 
Irritation. 

Actual  No. 

Per  cent. 

Actual  No. 

Per  cent. 

Cells  abundant   

42.9 

56.2 

3 

4 

Cells  scanty  or  moderate... 

a 

25.0 

6 

75  0 

Mixed  Milks  from  the  Toion  Market,  and  Unmixed  Milks  from 


Mixed  Milks. 

Unmixed  Milks. 

Milk  Producing. 

Actual  No. 

Percentage. 

Actual  No. 

Percentage. 

No  marked  irrita- 

tion   

17 

37-74 

II 

45-76 

Marked  local  irri- 

tation   but  no 

general  infection 

17 

37-74 

7 

29.12 

Intense  local  irri- 

tation general  in- 

fection   

8 

17  76 

0 

0 

Tuberculosis 

3 

6  66 

6 

24.96 

Total  ... 

45 

99.  yo 

24 

99  84 

th?mTk'o?mS^j5^^^^^^^^^  i«  that  even 

of  producing  iSation  thP^tK^  ^^^^  ^^^^  often  capable 
fo/consumlS^^^  supplied 
capable  of  proS'ciS  severe  in fL?,?'  ^""^'-.f  ^^tter  are 
the  milks  obtained  direct  SZ  i^'  ""^"^f^^  "^'^^  «^ 
Xen'w^fth  '^^^^o'^^^X^^^^^ 

small  rmbe';"rrxi^  mflkf  7hth'^  comparatively 
noxious  properties  for  w>.Tic!f  ^^^^^  ^^^^  *^ee  from  all 
mixed  milS  proved  loPrflf  I'*  "''^^  37-74  per  cent,  of  the 
cent,  more)  of^thrunmix|f  mnk«°T°°'A  45/76  ^^hat  is  8  pe? 
If  it  be  remembered  that  2.  ^nt  nf'^S'^^'*  the  same  quality, 
been  taken  from  JSberculoJs  ?ow«  „nH  M^'l  "'^  ^^^^^^  had 
half  of  these  Cows  STd^geospT  .'-.rfn  ^^^n  one- 

that  to  get  a  proper  idea  of  thp  rpi«^^?  "^'^  ^^^^^n^ 

and  unmixed  milks  in  the  basis  of  thf  "°^\o^8nes8  of  mixed 
the  tuberculous  milks  should  bl  excluded ^''^''^ 
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If  this  be  done  there  remain  42  specimens  of  non-tuber- 
culous mixed  milks,  and  18  of  non-tuberculous  unmixed 
milks.   The  pathogenic  properties  of  which  were  as  follows : 


Not  Irritating. 

Irritating  Locally. 

Highly  Virulent. 

Mixed  milks 

Per  cent. 
40.8 

Per  cent. 
40.8 

Per  cent. 
19.2 

■Dnmixed  milks  ... 

60.S 

38.S 

The  following  tables  show  the  influence  of  keeping  and  of 
temperature : 

I. — Mixed  Milks  coining  from  a  Distance  of  generally  over 
Forty  Miles,  and  generally  kept  for  from  Twenty-four  to 
Sixty  Hours,  and  even  more  in  a  few  Cases.  {Tuberculous 
Samples  excluded.) 


Mean  Temperature  in  the 
Shade  (Manchester)  during 
Time  the  Specimens  were 
kept. 

Specimens  pro- 
ducing no 
Noxious  Effects. 

Noxious 
Speci- 
mens. 

Totals. 

Percentage 
of  Good 
Speci- 
mens. 

30°  to  35° 

7 

5 

12 

58.0 

35°  to  40° 

7 

II 

18 

38.5 

40°  to  45° 

2 

3 

5 

40.0 

45*  to  50° 

I 

4 

5 

20.0 

50°  to  55° 

S5°  to  60° 

0 

2 

2 

0.0 

17 

25 

42 

39.0 

ll.—MLved  Milks  coming  from   a  short  Distance  {generally 
under  Twenty  Miles),  most  of  them  kept  for  less  timn  Ten 
Hours  {with  the  exception  of  Five  out  of  the  Seven  bad  Speci- 
mens, and  Four  out  of  the  Txoenty-Two  good  Specimens, 
Tuberculous  Samples  e.vcluded.) 

Mean  Temperature  in  the 
Shade  (Manchester)  during 
Time  the  Specimens  were 
kept. 

Specimens  pro- 
ducing no 
Noxious  Effects. 

Noxious 
Speci- 
mens. 

Totals. 

Percentage 
of  Good 
Speci- 
mens. 

50°  to  55° 

I 

0 

I 

100.0 

55°  to  60° 

8 

I 

9 

88.8 

60°  to  6s° 

II 

4 

15 

73.2 

65°  to  70° 

70°  to  75° 

2 

2 

4 

50  0 

22 

7 

29 

75.68 

0 


III. —  Unmixed  Milks  kept  for  various  Lengths  of  Time, 
but  Collected  from  the  Udder  in  Sterilised  Vessels.  (^Tubercu- 
lous Samples  excluded.) 


Mean  Temperature  in  the 
Shade  (Manchester)  during 
Time  the  Specimens  were 
kept* 

Specimens  pro- 
ducing no 
Noxious  Eflfects. 

Noxious 
Speci- 
mens. 

Totals. 

Percentage 

Ot  trOOu 

Speci- 
mens. 

35°  to  40° 

6 

0 

6 

lOO.O 

3 

2 

5 

00.0 

45°  to  50° 

5 

2 

7 

71-5 

So°  to  55° 

55°  to  60° 

60°  to  65° 

0 

3 

3 

0.0 

14 

7 

21 

67.2 

The  influence  of  time  is  well  shown  by  the  number  of  speci- 
mens remaining  good  even  at  high  temperature  when  the 
milk  had  been  kept  only  half  a  day. 

On  the  other  hand,  the  influence  of  temperature  is  still 
more  evident,  for  In  every  category  the  number  of  good 
specimens  is  almost  inversely  proportional  to  the  height  of 
the  temperature. 

When  the  clear  relation  existing  between  time  of  keeping 
plus  temperature  and  the  noxious  properties  of  a  certain 
number  of  samples  of  milk  is  contrasted  with  the  ambiguous 
results  obtained  when  an  attempt  is  made  to  connect  these 
noxious  properties  with  disease  of  the  udder  (tuberculosis 
being  excluded),  it  is  diflacult  not  to  feel  convinced  that  in- 
fection of  the  milk  outside  the  udder,  and  the  conditions 
under  which  it  is  kept,  are  the  most  important  factors  caus- 
ing It  to  acquire  irritating  properties. 

I  have  been  able  to  collect  some  facts  during  the  last 
few  years  in  connection  with  outbreaks  of  epidemic 
diarrhoea  due  to  the  consumption  of  milk.  I  have  found 
a  close  resemblance  between  the  infection  produced 
m  guinea-pigs  by  the  inoculation  of  milk  which  had 
given  rise  to  one  of  these  outbreaks,  and  that  produced  in 
^^•ito  the  injection  of  several  samples  of  mixed 

tTif  JS^'''^  +  T?""  "^fl^^^-  This  has  led  me  to  suspect 
rni\iTo  potent  causes  of  the  sum- 

^vLl.i^S^f  children,  an  opinion  which  is  also  held  by 
PnpH  kI^^""* °°.'!u  a'lthorities.  My  belief  has  been  strength- 
Hno       *-n^  -^^^  cases  of  fatal  septicjemia 

idPnt?P^'!S/ifiw'''ll^-  ^^7?  able  to  isolate  a  bacillus 
riiovJi^  ^-  ^^  y^fi  obtained  twice  from  milk  causing  intense 
diarrhoea  in  children  and  adults.  Other  organisms  have 
been  present  in  a  few  specimens,  but  the  only  organism  con- 
ft«  V  rT.e^''*  has  been  this  bacillus.  This  microbe  retains 
Inll  .-^"^  properties  even  after  being  cultivated  for  several 
fu.  PniV°r'  ^ody.   It  resembles  closely  the  bacH- 

e?owth  nn  Tw"""''  pathogenic  action,  its  mode  of 

^Sar,  potato,  milk,  lactose  agar,  glucose 
gelatine,  its  size  and  shape,  its  motility    The  differences  Jre 
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so  much  within  the  limits  of  variations  observable  in  that 
organism  that  I  am  still  doubtful  whether  the  differences 
observed  are  enough  to  allow  of  this  milk  bacillus  being  con- 
sidered a  different  species.  It  does  not  either  correspond 
exactly  to  any  of  the  other  known  bacilli  resembling  the 
bacillus  coll.  It  is  possibly  only  a  pathogenic  variety,  but 
for  the  present  it  will  be  enough  to  say  that  it  is  a  bacillus 
found  m  pathogenic  milk. 


